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ABSTRACT: Analyses of birth and weaning weights,
fleece weights of ewes, and number born per litter of
Polypay sheep collected at the U.S. Sheep Experimental
Station from 1978 through 1998, confirmed previous
analyses of three other dual-purpose breeds that cyto-
plasmic effects do not contribute to variation in these
four traits. In general, estimates of genetic parameters
that would be needed for national genetic evaluation
were similar to previous estimates for Columbia, Ram-
bouillet, and Targhee sheep, although estimates of di-
rect heritability for Polypay were somewhat less for
birth weight, slightly greater for weaning weight, sig-
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Introduction

Recent studies have failed to show variation in eco-
nomically important traits due to cytoplasmic effects
in Suffolk sheep for growth traits (Maniatis and Pollot,
2002) and for four representative traits of Targhee (Van
Vleck et al., 2003), Columbia (Hanford et al., 2003), and
Rambouillet (Snowder et al., 2004) sheep. These papers
have summarized the biology of mitochondria, which
are thought to be responsible for cytoplasmic effects.
Limited studies of cytoplasmic effects for beef and dairy
cattle have, in general, also reported that variation due
to cytoplasmic effects is small (see review by Gibson et
al., 1997).

Columbia, Targhee, and Rambouillet are dual-pur-
pose breeds of sheep that all trace back to Rambouillet
ewes, as do Polypay sheep, and thus might represent
different samples of Rambouillet cytoplasm. The stud-
ies involving Columbia, Rambouillet, and Targhee
sheep all reported interactions of dam and year of birth,
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nificantly greater for fleece weight, and the same for
number born as for those three breeds. For birth weight
only, evidence was found for important dam × year or
dam × number born interactions, which are essentially
litter effects, as was found for the other dual-purpose
breeds. There were 11,896, 11,104, 7,748, and 7,831
records for birth and weaning weights, fleece weight,
and number born per litter, with 255 to 316 sires of
animals with records. There were 260 and 261 cyto-
plasmic lines for fleece weight and number born, and
861 and 882 for weaning and birth weights.

dam with number born, and dam with sire genotype
for birth weight. Those studies, however, did not find
variation due to those interactions for the other three
representative traits: weaning weight, fleece weight,
and number born.

The Polypay is a composite breed developed at the
U.S. Sheep Experiment Station (near Dubois, Idaho)
in the early 1970s from crosses of Finnsheep rams by
Rambouillet ewes and polled Dorset rams by Targhee
ewes followed by matings between these crosses (Hulet
et al., 1984). One purpose for developing this composite
was to increase prolificacy at the expense of fleece
weight, but with minimal effect on weaning weight.
Although the cytoplasm traces to the Rambouillet, one
purpose of this study was to determine whether that
cytoplasm in a different genetic background (genes from
Finn sheep and polled Dorset sheep) accounts for any
variation in the four representative traits studied in
the three other dual-purpose breeds, which also were
from populations at the U.S. Sheep Experiment Station.
Another purpose was to determine whether the interac-
tions of dam with year, sire, and number born were as
important for birth weight of Polypay sheep as with the
other breeds.

Materials and Methods

Records were available for Polypay only since 1977
for birth and weaning weights and since 1978 for fleece
weight and litter size at birth. Ercanbrack and Knight
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Table 1. Summary of number of records and of levels by factor for four traits of Poly-
pay sheepa

Birth Wean Fleece No.
Item weight weight weight born

Records 11,896 11,104 7,748 7,831
Mean weight, kg 4.05 33.8 3.49 1.78
SD weight, kg 0.78 5.8 0.76 0.85

Animals with records 11,896 11,104 2,564 2,581
Sires 316 316 255 255
Dams 2,877 2,843 1,242 1,249
Cytoplasmic line 882 861 260 261
Dam × year 7,293 7,207 2,236 2,246
Sire × dam 7,276 7,190 2,231 2,241
Sire × cytoplasmic line 5,810 5,742 2,045 2,054
Dam × No. born 4,536 — — —

aNumber of animals in pedigree file = 13,550; number of genetic groups = 56, up to nine generations to
founder dam of cytoplasmic line.

(1998) have described general flock management. The
numbers of records, sires, dams, and cytoplasmic
sources are given in Table 1. Cytoplasmic lines were
determined by tracing all animals back through the
female line of descent to unique and assumed unre-
lated females.

The means in Table 1 indicate approximately half a
lamb more born per litter for Polypay compared with
previous analyses with Columbia, Rambouillet, and
Targhee breeds, which reflects the inclusion of Finn-
sheep in the composite. Fleece weight, however, was
1.2 to 1.8 kg less than for the Columbia, Rambouillet,
and Targhee. Weaning weight (120 d) was similar for
the four breeds, although birth weight was 0.63 to 0.85
kg less for Polypay than for the other three breeds.
These differences from Columbia, Rambouillet, and
Targhee indicate a somewhat different genetic back-
ground for expression of effects in the cytoplasm of Pol-
ypay sheep.

Table 2 lists fixed factors and the number of levels
for those factors in the statistical models for the four
traits. Random factors (and the direct-maternal genetic
covariance) in statistical models are indicated in Tables

Table 2. Number of levels for fixed factors in models for
analysis of four traits (birth weight, wean weight, fleece
weight, number born) of Polypay sheep

Birth Wean Fleece No.
Factor weight weight weight born

Year 22 22 21 21
Age of dam (ewe) 10 10 (10) (10)
Gender 2 3 — —
Type of birth (TB)a 5 — — —
TB and rearingb — 8 — —
No. weaned — — 4 —
Calendar day — — COVc —

aNumber born in litter.
bCombinations of type of birth and number reared.
cCOV = day of year shorn, as a linear covariate.

3, 4, 5, and 6 of results for the four traits. The direct-
maternal genetic covariance was dropped from models
for the female traits. Because various selection experi-
ments had involved sheep in this flock, genetic groups
(Westell et al., 1988) were used to account for that
selection (Hanford, 2001). Groups were defined by year
of birth of foundation animals in the pedigree, with
different groups for the unknown sires and dams of
foundation animals. Including group effects did not
change estimates of variance components greatly.
Therefore, additions and subtractions of random factors
to or from the statistical model were made only to the
model without group effects. The genotype × year inter-
action was represented by the dam × year component
of variance rather than the more usual sire × year com-
ponent because sires were not used more than 1 yr.

A derivative-free algorithm for REML (Smith and
Graser, 1986) was used to estimate components of vari-
ance with the MTDFREML programs (Boldman et al.,
1995). Standard errors for genetic parameters were ob-
tained at convergence using the delta method and the
average information matrix (e.g., Dodenhoff et al.,
1998). Differences in twice the natural logarithm of the
likelihood given the data were used to calculate the
likelihood ratio test (LRT) to compare the models. De-
grees of freedom were the differences in number of ran-
dom factors in the models. Tests were based on the full
model and on nested reduced models.

Results and Discussion

In general, the results were similar to those pre-
viously reported for the Columbia, Rambouillet, and
Targhee dual-purpose breeds; therefore, the discussion
will be brief.

For birth weight (Table 3), the estimates of variance
due to cytoplasmic effects were near zero for any model
including cytoplasmic effects. The likelihood ratio test
for the usual model with and without cytoplasmic ef-
fects was 0.00. In contrast with results previously re-
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Table 3. Estimates of genetic parameters for birth weight with 17 models with standard
errors (SE) for complete model (Polypay)a,b

Parameters

a2 ram m2 p2 c2 dy2 dn2 sd2 sc2 e2 2logL

Models with genetic groups
0.17 0.19 0.20 0.10 — — — — — 0.50 0.00
0.16 0.21 0.19 0.08 0.00 0.10 — 0.00 0.02 0.41 137.81c

Models without genetic groups
0.17 0.15 0.20 0.10 — — — — — 0.50 0.00
0.17 0.15 0.20 0.10 0.00 — — — — 0.50 0.00d

0.15 0.17 0.19 0.08 — 0.13 — — — 0.41 135.24d

0.14 0.15 0.30 — — 0.13 — — — 0.40 109.28d

0.17 0.15 0.19 0.06 — — 0.08 — — 0.47 74.73d

0.15 0.18 0.19 0.06 — 0.10 0.05 — — 0.41 151.77d

0.15 0.17 0.19 0.08 — — — 0.12 — 0.41 132.04d

0.16 0.17 0.19 0.09 — — — — 0.09 0.44 103.56d

0.15 0.17 0.19 0.08 0.00 — — 0.12 — 0.41 132.12d

0.16 0.18 0.19 0.09 0.00 — — — 0.09 0.44 103.56d

0.15 0.18 0.19 0.08 0.00 — — 0.10 0.03 0.41 137.09d

0.15 0.18 0.19 0.08 — 0.12 — 0.00 — 0.41 135.22d

0.15 0.17 0.19 0.06 — 0.10 0.05 0.00 — 0.41 151.77d

0.15 0.18 0.19 0.09 0.00 0.10 — 0.00 0.03 0.41 140.10d

0.15 0.17 0.19 0.06 0.00 0.10 0.05 0.00 0.00 0.41 151.77d

(0.022 0.107 0.027 0.019 0.006 0.100 0.012 0.101 0.011 0.018 SE)b

aProportion of estimated phenotypic variance that includes the estimate of the direct-maternal genetic
covariance: a2 = direct genetic; ram = direct-maternal genetic correlation; m2 = maternal genetic; p2 = maternal
permanent environmental; c2 = cytoplasmic line; dy2 = dam by year; dn2 = dam by number born; sd2 = sire
by dam; sc2 = sire by cytoplasmic line; e2 = temporary environmental. Phenotypic variance: 0.4208 to 0.4390
kg2.

bModel not including genetic groups.
cDifference in 2log likelihood from usual model with genetic groups in model.
dDifference in 2log likelihood from usual model with genetic groups not in model.

ported for Columbia (Hanford et al., 2003), Rambouillet
(Snowder et al., 2004), and Targhee (Van Vleck et al.,
2003) breeds, the estimate of direct heritability was

Table 4. Estimates of genetic parameters for weaning weight with 11 models with standard
errors (SE) for complete model (Polypay)a,b

Parameters

a2 ram m2 p2 c2 dy2 sd2 sc2 e2 2logL

Models with genetic groups
0.25 −0.17 0.09 0.05 — — — — 0.65 0.00
0.24 −0.18 0.09 0.04 0.00 0.00 0.00 0.02 0.63 5.09c

Models without genetic groups
0.21 −0.26 0.10 0.04 — — — — 0.69 0.00
0.21 −0.27 0.10 0.04 0.00 — — — 0.69 0.00d

0.21 −0.27 0.10 0.04 — 0.00 — — 0.69 0.00d

0.21 −0.27 0.10 0.04 — — 0.00 — 0.69 0.00d

0.21 −0.27 0.10 0.04 — — — 0.03 0.67 6.65d

0.21 −0.27 0.10 0.04 0.00 — — 0.03 0.67 6.65d

0.21 −0.27 0.10 0.04 0.00 — 0.00 0.03 0.67 6.65d

0.21 −0.27 0.10 0.04 0.00 0.00 0.00 0.03 0.67 6.65d

(0.030 0.110 0.021 0.013 0.005 0.170 0.170 0.014 0.025 SE)b

aProportion of estimated phenotypic variance which includes the estimate of the direct-maternal genetic
covariance: a2 = direct genetic; ram = direct-maternal genetic correlation; m2 = maternal genetic; p2 = maternal
permanent environmental; c2 = cytoplasmic line; dy2 = dam by year; sd2 = sire by dam; sc2 = sire by
cytoplasmic line; e2 = temporary environmental. Phenotypic variance: 21.76 to 22.29 kg2.

bModel not including genetic groups.
cDifference in 2log likelihood from usual model with genetic groups in model.
dDifference in 2log likelihood from usual model with genetic groups not in model.

smaller (0.15 vs. 0.25), the estimate of maternal herita-
bility was similar (0.20), but the estimate of the direct-
maternal genetic correlation was somewhat greater
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Table 5. Estimates of genetic parameters for fleece weight with eight models with standard
errors (SE) for complete model (Polypay)a,b

Parameters

a2 m2 p2
m p2

a c2 dy2 sd2 sc2 e2 2logL

Models with genetic groups
0.66 0.03 0.00 0.03 — — — — 0.28 0.00
0.65 0.03 0.00 0.00 0.00 0.00 0.04 0.00 0.28 1.46c

Models without genetic groups
0.67 0.03 0.00 0.02 — — — — 0.28 0.00
0.70 — 0.01 0.02 — — — — 0.28 −9.07d

0.69 — — 0.03 — — — — 0.28 −10.83d

0.66 0.03 — 0.00 — 0.03 — — 0.28 2.46d

0.66 0.03 — — — 0.03 — — 0.28 2.46d

0.67 0.03 — 0.02 — — — 0.00 0.28 0.00d

0.66 0.03 — 0.00 — 0.03 — 0.00 0.28 2.46d

0.66 0.03 0.00 0.00 0.00 0.03 0.00 0.00 0.28 2.46d

(0.033 0.016 0.013 0.034 0.010 0.155 0.156 0.030 0.010 SE)b

aProportion of estimated phenotypic variance: a2 = direct genetic; m2 = maternal genetic; p2
m = maternal

permanent environmental; p2
a = animal permanent environmental; c2 = cytoplasmic line; dy2 = dam by year;

sd2 = sire by dam; sc2 = sire by cytoplasmic line; e2 = temporary environmental. Phenotypic variance: 0.5627
to 0.5793 kg2.

bModel not including genetic groups.
cDifference in 2log likelihood from usual model with genetic groups in model.
dDifference in 2log likelihood from usual model with genetic groups not in model.

(0.17 vs. −0.05 to 0.11). The estimate of fraction of vari-
ance due to maternal permanent environmental effects
was similar (0.06 vs. 0.02 to 0.08). Estimates of fractions
of phenotypic variance due to dam × year and dam ×
number born were similar to estimates for the Colum-
bia, Rambouillet, and Targhee breeds (0.10 and 0.05
vs. 0.06 to 0.08 and 0.04). For models with other interac-
tions, estimates of fraction of variance due to sire × dam
interactions were zero, whereas with the other three
breeds estimates were small but somewhat greater
(0.03 to 0.05). As with the other breeds, including effects

Table 6. Estimates of genetic parameters for number born with eight models with standard
errors (SE) for complete model (Polypay)a,b

Parameters

a2 m2 p2
m p2

a c2 dy2 sd2 sc2 e2 2logL

Models with genetic groups
0.11 0.00 0.00 0.00 — — — — 0.89 0.00
0.09 0.00 0.00 0.00 0.00 0.00 0.02 0.00 0.89 2.70c

Models without genetic groups
0.09 0.00 0.00 0.02 — — — — 0.89 0.00
0.08 — 0.00 0.00 — 0.03 — — 0.89 4.86d

0.08 — — 0.00 — 0.03 — 0.00 0.89 4.86d

0.08 — — 0.00 — 0.03 — — 0.89 4.86d

0.09 — — 0.00 — — — 0.02 0.89 3.33d

0.08 0.00 0.00 0.00 0.00 0.00 0.03 0.00 0.89 4.91d

(0.017 0.009 0.011 0.024 0.004 0.196 0.196 0.024 0.012 SE)b

aProportion of estimated phenotypic variance: a2 = direct genetic; m2 = maternal genetic; p2
m = maternal

permanent environmental; p2
a = animal permanent environmental; c2 = cytoplasmic line; dy2 = dam by year;

sd2 = sire by dam; sc2 = sire by cytoplasmic line; e2 = temporary environmental. Phenotypic variance: 0.5619
to 0.5659.

bModel not including genetic groups.
cDifference in 2log likelihood from usual model with genetic groups in model.
dDifference in 2log likelihood from usual model with genetic groups not in model.

in addition to those in the usual model (direct and ma-
ternal genetic and maternal permanent environmental
effects), did not affect estimates of the genetic parame-
ters (heritabilities and genetic correlation). A complete
explanation for the significance of the interactions with
dam (year and number born) is still lacking, although
dam × year effects are equivalent to litter effects, which
were reported to be important by Al-Shorepy and Not-
ter (1998).

Results were quite different for weaning weight (120
d) compared with those for birth weight (Table 4). The
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results were, however, similar to those for the other
three dual-purpose breeds. The estimates of variance
due to the interactions with dam were uniformly near
zero. In contrast, although not large, the fraction of
variance due to sire by cytoplasmic origin was 0.03 vs.
0.00 for the other breeds. The 0.03 was significant based
on the LRT and also as indicated by the standard error
of the estimate. Estimates of maternal heritability were
similar (0.10) for the four breeds but the estimate of
direct heritability for Polypay of 0.21 was slightly
greater than for the other breeds (0.14 to 0.18). The
direct-maternal genetic correlation was considerably
more negative for Polypay (−0.26 vs. −0.02 to 0.30).

Estimates of parameters for fleece weight are in Table
5. The estimate of direct heritability was large and
somewhat greater than estimates for the other three
breeds (0.67 vs. 0.52 to 0.57). The estimate for maternal
heritability was small and similar to those for the other
three breeds (0.03 vs. 0.01 to 0.02). With the usual
model without interactions, the estimate of fraction of
variance due to maternal permanent environmental ef-
fects was zero and the estimate of fraction of variance
due to animal permanent environmental effects was
small (0.02), which was less than for the other three
breeds (0.09 to 0.12). With the full model, the estimate
of the fraction of variance due to dam × year interaction
effects was 0.03, which was similar to estimates of 0.00
to 0.05 for the other breeds. The estimate of 0.03 was
not significant by the LRT or by the standard error of
the estimate. The estimate of variance due to effects of
sire by cytoplasmic line was nil (0.00) in contrast to
fractional estimates of variance of 0.02 to 0.06 for the
other breeds.

Estimates for lambs born are given in Table 6. These
estimates are within the ranges found for the Columbia,
Rambouillet, and Targhee breeds, with an estimate of
direct heritability of 0.08. As with the other traits, there
was no evidence of cytoplasmic effects contributing to
variation.

Implications

Cytoplasmic effects need not be considered in genetic
evaluations for the four representative traits of Polypay
sheep, where the cytoplasmic effects derived from Ram-
bouillet ewes would be expressed in the background of
a four-way cross involving Finnsheep, Polled Dorset,
Targhee, and Rambouillet. This conclusion is similar
to conclusions made previously for the Columbia, Ram-

bouillet, and Targhee breeds. Interactions of dam with
year or number born or sire contributed to variations
in birth weight, as with the other three dual-purpose
breeds. Inclusion of these effects in models of analyses,
as with the other breeds, had little effect on estimates
of direct and maternal heritability, which suggests that
ignoring these interactions may not have much effect
on rankings by estimated breeding values, but may
affect the accuracy of the predictions. Further study is
needed to explain the biological mechanisms that create
the interaction effects.
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